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Abstract
Security on college campuses is a good thing, especially when it comes to your dorm room or
apartment building. But due to high initial cost, the Housing and Business Department at Cal Poly,
San Luis Obispo, has opted for a proprietary door lock system which requires encoding new keycards
manually for every resident, every year. The goal of this project is to offset this labor cost and drain
on resources by automating the keycard encoding process. This project will address the design
specifications and economic advantages of automation while also exploring and comparing
alternative solutions.
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Introduction
Keycard operated electronic locks were first adopted in the Hotel industry in 1979, just three years
after the invention was made public. This technology was soon adopted by hospitals as, for the first
time, it allowed secure access to rooms without the need to replace locks if security was
compromised. If a keycard was lost or someone’s security clearance was revoked, the locks could be
reprogrammed easily and new keycards issued. Over the years it has become common to see
keycard‐accessed security locks everywhere from our work offices, our schools, and most
government buildings. Because of this widespread use of the technology, it came as no surprise that
the Cerro Vista Apartments on the Cal Poly campus, completed in fall of 2003, sported Cal Poly’s first
keycard‐access electronic locks. But while the incorporation of the technology was not surprising,
the amount of work needed to maintain and utilize this system effectively was.

Figure 1. Onity Integra5 keycard‐accessed door lock used by Cal Poly Housing Dept.

Keeping an updated database and encoding cards for a single small building seems like an easy task.
An encoder machine connected to your computer allows you to take a blank keycard and encode it
for access to a specific door in about 15 seconds. Including the time it takes to add someone to the
database and dispense the security cards, total labor time is approximately 40 seconds for every
person needing access to the building rooms. For a staff of 20 people (medium sized business
building) this equates to approximately 13 minutes of work. That doesn’t seem bad at all. The
average hotel has less than 500 rooms which brings our total labor time to 5 ½ hours (assuming one
card for each of the 500 rooms). Now 5 ½ hours is a time commitment, but probably not enough to
cause lasting injuries to an employee (due to repetitiveness) or warrant the design of automation
machinery. Furthermore, in a hotel setting, once keycards are made, they will only need to be re‐
made if a customer loses or forgets to return a card. Cal Poly, on the other hand, presents a problem
on a whole other level. Since that introduction of the Onity system in the Cerro Vista Apartments,
the Cal Poly Housing and Business department has expanded their use to every on campus housing
facility. That comes to a total of 977 locks to rooms or apartments which together hold more than
6,300 students – all of which need to have a keycard.
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Currently this encoding is done by hand, every year, for every resident. The goal of this project is to
reduce this labor cost by designing a machine to automate the encoding process. This project is a
continuation of one started by Jordan Moir in 2009 (Moir). His project focused primarily on the
theoretical function and design of a machine for this purpose but failed to come up with a working
prototype or test the proposed design in any way. This project will include the testing and redesign
of the original proposal in order to provide a practical solution which is immediately applicable to the
Housing and Business Department at Cal Poly. The specifications for said machine are as follows:
1. The machine must be able to take a keycard from a stack, encode it, then put it into the
proper envelope (also taken from a stack), depositing the filled envelope in a bin for easy
access.
2. The machine must be as fast or faster than the current manual method (about 20 seconds
per card not including preparation time)
3. The machine must have a small footprint so as to be used in a 10’x12’ office with an operator
present.
4. The machine must be safe to use
5. The machine must be reliable
6. The machine must have parts which are easy to replace
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Background and Relevant Research
A search was conducted to identify any machine currently being produced that would enable
automation of the keycard encoding process. It was concluded that very little information is available
on automating keycard encoding specifically. The only industry that seems to have automated mass
encoding machines is the credit card industry and that machinery is custom made to their
specifications. There was, however, a wealth of information on the techniques for handling paper
products in a production line ‐ something that will be invaluable for the development of a keycard
and envelope handling machine. Information was also found regarding the general use of keycard
security and alternative solutions to the Onity Integra5 system currently in place in the Cal Poly
Housing Department. This, alongside interviews with the Housing Technology Systems Coordinator
at Cal Poly, has provided justification and specification for the design of the keycard encoding
machine.

Onity Integra 5 Electronic Lock System
The Onity Integra 5 electronic lock system was chosen by
Cal Poly’s housing and business department because of its
reliability and low cost options for secure entry locks.
There are two basic systems for mag‐stripe encoded
keycard entry: Off‐line and On‐line (United Technologies
Corporation). Off‐line is the older way of implementing this
security and allows locks to be installed with just a wire for
power. In this system, there is no need to connect the lock
to a network, which would require more wiring and raise
the price of installation. In the off‐line system, the door
locks store a list of all of the access codes that are have
clearance to open the door (a total of 3,000 for the Integra
5 system). A copy of this list resides in a computer
database connected to a keycard encoder. In the
database, access codes are assigned to a person needing
access and a corresponding keycard is made. When that
user inserts their keycard into the door lock, the lock
matches the access code in the card’s mag‐stripe with its
own list of codes and, if successful, unlocks the door.
When a user’s security clearance has expired the keycard
Figure 2. Onity electronic lock poster.
must be turned in to ensure it will no longer be used. If
not turned in, the lock will need to be updated, replacing that user’s access code with a new code,
also updated in the computer database. When updating is required, it is accomplished by first
updating the computer database, then manually connecting a portable programming device to the
locks and downloading the updated code to replace the previous one. This process is confirmed by
Housing Technology Systems Coordinator Julie Gibson to be “tedious and time consuming, but
cheaper than going on‐line and having to network everything now” (Gibson). Because of this
updating process it is usually easier to make someone a new keycard (to change their security
clearance) than to go around and update each lock to allow (or deny) access to that user.
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On‐line systems work in a similar manner to the off‐line systems, except, as the name suggests, they
are networked. This allows all code lists to be accessed and updated from any computer on the
network. The advantage of this is that it becomes easier to update a lock than to make a new
keycard. This system lends itself to static keycards assigned to users permanently and managed
simply through the database system. Users in the database can instantaneously, with the click of the
mouse, be marked for access to any combination of door locks on the network. Denying access is just
as easy and, therefore, doesn’t require the user to give up their keycard. This gives the locks the
customization required for integration of the, already existing, university ID cards (Cal Poly ID cards,
for example). If you can control the access codes from a centralized computer station then it would
be a simple matter of importing every student’s (user’s) ID card number and picking which ones to
allow access into which rooms. This could be updated on the fly and in an instant. In other words,
one moment a user would be able to access a room via their Cal Poly ID and then the next, with a
click of their database entry, that access could be taken away.
When the Cerro Vista apartments were outfitted with keycard‐access electronic locks, it was
concluded that the off‐line system was less costly and provided all necessary features. This meant
assigning separate keycards to each resident (apart from their Cal Poly ID cards). Table 1 shows a
comparison cost breakdown for the current off‐line Integra 5 electronic lock system and the
estimated cost of the same setup with on‐line locks (from the same company).
Table 1. Estimated 10 year cost comparison of current Integra 5 off‐line system and an on‐line system
from the same company (Gibson).

Expense
977 Locks
Installation
Encoders
5 Portable programmers
1 Kiosk
6 Workstations
1 Server
1 Software Package
Annual Support (10 yrs)
Replacement/repair parts
(10 locks/yr x 10 yrs)
Access Cards
Total Estimated Cost (2003‐
2013)

Off‐line Integra 5
System
$977,000
$610,625
(5 encoders) $15,000
$6,000
$10,000
$8,400
$4,000
$50,000
$50,000

On‐line System from Onity
1,260,330
$708,325
(2 encoders) $6,000
$0
$10,000
$8,400
$4,000
$50,000
$50,000

$100,000

$100,000

$25,000

$0

$1,856,025

$2,197,055

Notice that with an on‐line system, the initial cost of the locks and their installation would be higher,
but there would be no need for portable programmers or access cards. This is because the system
would use Cal Poly ID cards which are paid for by each student at the beginning of their first quarter
at the university. The portable programmers are only used to update locks that are not on‐line and
would, therefore, be obsolete. The number of encoders would be reduced to 2 because the only
cards that would need to be made would be for guests of the university. Still, due to the higher cost
of locks and installation, an on‐line system would cost Cal Poly $2,197,055, which is $341,030 more
than the off‐line Integra 5 system currently in place. This seems a moot point because, at this point,
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there is no incentive for Cal Poly to spend the money to replace the locks with an online system.
Furthermore, even if Cal Poly had chosen an on‐line system to begin with, there would still be a net
loss of funds when compared to the current system. Taking into account the labor costs for the
current method of encoding, Cal Poly would have to be encoding at least 288,000 cards a year for
the extra $341,030 for the on‐line system to make financial sense (pay back period of 10 years). Only
$6,300 cards are encoded each year making the decision to use the off‐line system the correct
choice.
The Onity Integra 5 off‐line system requires new keycards to be made, for every resident on campus,
every year. To accomplish this, the housing and business department hires students during the
summer to work with Onity’s proprietary encoder to get the job done. The encoding process is
described below:
Preparation
Step 1: Make sure the database is complete and correct by comparing it with the resident list of the
building for which cards will be made.
Step 2: Print out envelopes with resident names and room #’s for each card to be encoded.
Encoding
Step 3: Highlight the first resident’s database entry on the computer (connected to the encoder) and
click the on‐screen “encode” button.
Step 4: Insert a card into the encoder machine and wait approximately 3 seconds.
Step 5: Retrieve the card from the machine and place it into that resident’s corresponding envelope,
then stack the envelope for later use.
Repeat steps 3‐5 for each consecutive database entry.
When dealing with such a massive database as Cal Poly’s, this process ends up taking an average of
45 seconds per card (including preparation time)(Gibson). That results in a total labor time of 78
hours to encode the 6,300 cards for the residents on campus each year. Figure 3. shows a cost
breakdown from Moir’s senior project back in spring 2009, which does not take into account the Poly
Canyon Village Apartments which opened in fall of 2009. Figure 4. shows an updated cost
breakdown including all on campus apartments and dorms in use as of fall 2012.

Figure 3. Yearly operation cost breakdown as of 2009 (Moir A‐29)
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Current Process
Startup Cost
Longterm Cost
Component
Cost ($) Quantity
Component
Cost ($) Quantity
Student employee 10.00/hr.
5
Student employee 10.00/hr.
5
Encoding Machine 1500.00
5
$800.00
Total operating cost (2 business days): $8,300.00
Total operating cost (2 business days):
Figure 4. Yearly operation cost breakdown as of fall 2012.

The biggest contributor to the higher startup cost shown in Figure 4. is the addition of 3 more card
encoding machines which were purchased to deal with the larger volume of cards needing to be
made. As seen by the long term cost though, there is still a labor cost increase of $160 from 2009 to
2012. This number will continue to increase as Cal Poly expands its on campus housing in the future.
By utilizing a custom keycard encoding machine, these costs can be drastically reduced. The goals for
this design must therefore include a total cost less than that of the 5 encoding machines currently
being used and must, ideally, only need one operator to oversee the encoding. Figure 5. presents a
summary of these specifications.

Specifications
Cost
Operators needed

Quantity
< $7,500
1

Figure 5. Automated keycard encoding machine specification update
1.

Alternative Solutions
The most obvious alternative solution, as mentioned in the previous section, would be to replace the
off‐line electronic locks with on‐line locks. This would allow the system to be networked and
customized to use Cal Poly ID cards, eliminating the need for keycard encoding completely (aside
from the occasional guest card for visitors). As presented in Table 1., the cost of new locks and their
installation would be approximately $1,968,655. This would, however, virtually eliminate labor and
new keycard costs resulting in a total approximate savings of $3,300/yr. While this is a significant
savings, it is not enough to warrant the expenditure of replacing all of the current locks.
Another solution would be to update to a more modern technology, buying locks that use RFID and
solid state memory to store and communicate security clearance. This system would use contactless
smart cards. In an article from Card Technology Today, Michael Davis writes that, “Contactless smart
cards are fast becoming the technology of choice for access control applications. Security,
convenience and interoperability are the three major reasons for this growth” (Davis 12). He goes on
to explain how, “Smart cards are convenient for users…users do not have to carefully insert the card
into a slot or worry about proper orientation. This also minimizes the physical wear‐and‐tear on both
the card and the reader, the potential for vandalism, and environmental elements” (Davis 12). From a
distant perspective this system seems great. More security options because more information can be
stored on the card, longer lasting cards, and more convenient access into secure rooms. The problem
with this system, as with all systems, is the cost. Not only do the locks cost more, but you would still
have to buy keycards (with embedded chips) for each resident due to the fact that Cal Poly ID cards
have no support for the technology. These smart cards are ten times the cost of the currently used
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simple mag‐stripe cards. All in all, this solution is not practical and would only raise the current cost
of managing the resident security lock system on the Cal Poly campus.
Cal Poly originally made the switch to electronic locks to eliminate the high cost of making and
distributing building keys and replacing locks when keys were lost. This was a good decision at the
time, but only serves to decrease, not eliminate, the labor costs associated with making, distributing,
and maintaining the security system for on‐campus housing.

Envelope and Keycard Transport Methods
One of the most commonly used low‐volume transport systems for paper is found in the common
printer in the form of the rubber roller. Now, it is important to realize that feeding a piece of paper
off of a stack and through a prescribed path is a little more complicated than just a rubber roller, but
it is a good starting place. Figure 6., below, shows the configuration of a typical rubber roller paper
transport system.

Figure 6. Typical paper transport using rubber rollers (J. Tamamoto 568).

In an article about paper transport mechanisms, author J. Tamamoto explains that, “A rubber roller is
one of the most important components in paper‐handling equipment. Its design is closely related
to transport performance, namely, precision, feeding forces and so on” (J. Tamamoto 567). He goes
on to show that, in order to keep paper flat and prevent paper jams, it is best to use tapered rollers
because they generate cross directional traction. In other words, tapered rollers, when used
properly, ‘pull’ the paper flat while moving it forward through the prescribed path. An example of a
tapered roller paper transport system can be seen in Figure 7.

Figure 7. Tapered roller paper transport design example (J. Tamamoto 569).
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For transporting keycards this system is irrelevant because, unlike paper, keycards are stiff and will
not wrinkle, fold, or jam. This information is, however, pertinent to envelope transport which will
have to occur in order to facilitate the insertion of cards into their respective envelopes.
An equally important consideration is the initial feeding of both keycards and envelopes from a stack
as part of the machines required operations. Again using the common printer as a starting point, lets
look at how this is commonly done in terms of paper transport. Figure 8. illustrates the components
and configuration of a standard friction pad paper feed mechanism. This diagram served as a model
for a FEM analysis of the system in a report by Shigeo Yanabe (Yanabe). In the report, Yanabe
explains that the friction between the feed roller and the paper is significantly more than that
between the sheets of paper themselves. Likewise, the friction factor of the friction pad is chosen to
be lower than that of the feed roller yet still slightly higher than the friction factor between two
sheets of paper. In this way, only a sheet of paper with direct contact to the feed roller will be fed. If
two sheets are fed by the roller, the bottom sheet (in this configuration) is stopped by the friction
pad until the top sheet has cleared the feed roller, allowing the feed roller to make the necessary
direct contact, then, with the bottom sheet.

Figure 8. Standard friction pad paper feed
mechanism model (Yanabe 18).

This is a very reliable system for small to medium volume print feeding and represents a possible
solution to the problem of feeding envelopes and keycards into the keycard encoding machine being
designed.
Yet another transport method to be considered is conveyor technology. The most important
considerations for belt conveyors are configuration, torque, and tracking. A basic conveyor belt
setup has a head and a tail connected by a belt which rides on a skid plate. The motor drives the head
so that the torque is ‘pulling’ the items being conveyed (as opposed to ‘pushing’ them). The side
being ‘pushed’ is called the return side of the conveyor and, for short distances, is usually left to sag
in order to take up slack in the belt accounting for changes in length due to temperature, humidity,
and wear. According to Indonesia belting solution (Indonesia Belting Solution), a ‘short’ belt
conveyor is anything less than 200cm. The longest distance our conveyor would have to cover is
46cm (the length of the card encoder and reader plus 12cm for entrance and exit space). Figure 9.
shows the basic setup for a conventional conveyor. Notice the pulley on the left represents the head
of the conveyor and would, therefore, be the driven pulley. The allowable sag on the return side is
also noted. This ensures there is no excess wear on the belt or drive shafts and optimizes the
conveyor’s performance.
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Figure 9. Conventional conveyor belt configuration (Indonesia Belting Solution).

Finally, pneumatic devices are extremely popular in the printing industry because of their efficiency
at handling paper. This is another design consideration for our machine since it will have to manage
and fill envelopes. “The vacuum is used in conjunction with suction cups to open boxes on box
erection machines, or in the printing industry to lift paper…the multistage ejector pumps have a low
initial purchase price, are energy efficient, and operate at low noise levels of between 50 dBA and 60
dBA” ( (Pringle 1). This is good because the allowed noise level for indoor work environments is only
85 dBA, based on an 8 hour shift (OSHA). According to calculations done by Moir (Moir 6), an air flow
of only 0.075 ft3/min is all that would be necessary to lift the envelope flap in order to successfully
insert a keycard (assuming a ¼” diameter tube is used). This makes it a viable option if mechanical
means prove to be ineffective.
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Preliminary Design
The decision to design an automated keycard encoding machine began as a search for ways to reduce
the time and money being spent to encode cards and prepare them for distribution. Durring Moir’s
project, a list of the initial design specifications was established based on the steps being currently
taken to manually get the job done and the obvious opportunities for improvement of those steps.
These design specifications are summarized below.

Design Specifications
Steps currently being used to manually encode keycards are as follows:
1. Printing envelopes with specific resident data
2. Encoding keycards for each resident
3. Placing each keycard into that resident’s corresponding envelope
4. Organizing the envelopes in a collated stack for easy distribution
The customer requirements for the machine are:
1. It must make the whole encoding process easier.
2. It must reduce the amount of required manual labor.
3. It must be more cost effective then the manual process.
The technical specifications for the machine are:
1. Foot print of the machine must allow it and an operator to comfortably fit in a 10’x12’
personal office space.
2. Cycle time has to be less than 45 seconds.
3. It must require only less than 5 operators (the current number being utilized for manual
process).
4. The cost of the machine must be less than $3,000.
5. Machine operation must produce less than 85 dBA so as to be able to operate indoors
(OSHA regulations).

Design Summary
The design for this keycard encoding machine was originally split into three areas of system
functionality (Moir):
1. Loading of media
2. Encoding and verifying data
3. Insertion of media into envelope
Using these three areas of functionality, the machine was initially designed, by Moir (Moir), to be
fairly simple. A complete system assembly of this initial design can be found in Appendix A‐1.
Loading of media refers to how the operator loads keycards and envelopes into the machine, as
well as the feeding mechanisms which allow cards and envelopes to be retrieved and sent through
the machine one at a time. To accomplish this Moir designed a cartridge system for both the
keycards and envelopes (Figure. 10 and Figure. 11).
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Figure 11. Envelope cartridge system. 1 ‐ T‐slotted
base, 2 ‐ Envelope support lip (Moir).

Figure 10. Keycard cartridge system (Moir).

The keycard cartridge is placed at the front of the machine. A stack of cards is placed in the sheet
metal housing and then a rubber roller, connected to a DC stepper motor, rolls one card at a time
from the bottom of the stack through a small slit just big enough for one card (this slit is to make
sure that only one card at a time was fed into the machine. The Envelope cartridge is loaded with
envelopes oriented with the flap open and the front of the envelope (the part you usually put a label
on) facing upwards toward the top of the cartridge. The idea here is that a carriage with a small
vacuum pump will pull the bottom envelope free of the cartridge and deliver it to the card inserting
location.
Encoding and verifying data refers to the transport of a keycard through the encoder and verifier in
order to successfully program the magnetic stripe. This was accomplished with the design of a
friction based conveyor belt system, shown in figure 12. The blue track is made of delrin making it
very slippery. The pale white pieces are the encoder and reader, and the black pulleys represent the
head and tail of the conveyor belt. A card gets pushed onto the track by the keycard cartridge and
immediately comes into contact with the head of the conveyer. The conveyor belt presses down on
the card, sandwiching it between the belt and the delrin track and ‘pushing’ it through the encoder
and reader. The encoder and reader are mounted on adjustable brackets to allow their position to
be fine‐tuned.
Insertion of media into envelope encompasses the final step in this process. This is where the
encoded keycard is placed inside of the corresponding envelope, which is then ejected. This initial
design accomplishes this through the use of the pneumatic vacuum pump, serving as the envelope
feeding system, and a small, high rpm roller. The vacuum pump is mounted on a carriage which
delivers the envelope to the feeding assembly (shown on the bottom part of the track in Figure. 12).
A rod holds the envelope flap in place while the vacuum pump opens the envelope. The high speed
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roller then activates, sending the card into the envelope at a high speed so as to give it enough
momentum to complete its journey. The carriage then ejects the envelope onto another conveyor
by retracting back to the envelope cartridge. This conveyor brings the filled envelope to the
operator who then adds it to the finished stack. The entire envelope carriage assembly and the high
rpm roller are depicted in Figure 13. and Figure 14.

Figure 12. Conveyor belt assembly (Moir).

Figure 13. Envelope carriage assembly (Moir).

Figure 14. High rpm roller and envelope flap holder for
inserting (Moir).
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Testing and Results
Building the prototype for the first half of this preliminary design was time consuming but straight
forward. The keycard cartridge, feed assembly and conveyor assembly were all machined and
assembled onto a flat piece of poly‐coated plywood. The final part of the assembly, the envelope
cartridge and carriage assembly, were attempted. After struggles finding a suitable vacuum pump
and a way to reliably use it to transport and open envelopes, the design was eventually abandoned.
This is discussed further in the Experimentation section of this report. Each area of functionality
was tested and its performance recorded along with the overall performance of the machine thus
far.
Loading of media: The prototype keycard cartridge is shown in Figure 15. It is made, per
specification, out of 0.050” thick coated 1095 steel which is mounted to a delrin base. The delrin
has a fixed shaft with a mounted rubber roller going through it. The shaft connects to a DC stepper
motor which is held in place by a steel bracket. The whole thing is mounted on a block of aluminum
to the assembly rigidity.
Problems with the design:
1. The first problem encountered was that, when the cartridge had a full load of cards
(meaning a lot of weight is on the bottom card), more than one card would be fed into the
conveyor assembly. Figure 16. shows this phenomenon in action. When I first
encountered this design I noticed it did not have any sort of traction pad (as seen back in
Figure 8.) to prevent multiple cards from being fed from the cartridge. This was thought,
instead, to be regulated by the height of the slot. Although built to spec, the slot height
did not stop two cards from being fed. The slot was made shorter to see if this easy fix
would eliminate the problem, but this was not the case.

Figure 15. Keycard cartridge system ‐ feeding two cards instead of one.
Figure 16. Keycard cartridge system for ‐ prototype
with DC stepper motor.
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2. Another problem encountered was that when the stack of
cards got low (<20) there was not enough weight on the
bottom card to create the friction necessary for the roller to
pick up a card (shown in Figure 17.). When pressure was
applied to the top of the card stack the problem disappeared.

Encoding and verifying the data: The conveyor system was also built to
spec using a 120 rpm AC motor and a 15” tacky drivebelt and idler pulley.
This was mounted on top of the machined delrin track with cutouts for
the mounted encoder and reader (assembly pictured in Figure 18).
Figure 17. Keycard cartridge ‐ no card
fed due to low friction.

Figure 18. Conveyor belt assembly for encoding and
verifying data on the keycard.

Problems with the design:
1. The first and most obvious problem is tracking of the belt. After many
tedious hours trying to align the drive and idler pulleys, it was still
impossible to get the belt to track properly and stay on the assembly (it
kept wanting to ‘walk’ off of the pulleys). The first attempted solution
involved a steel ‘guide’ on either side of the idler pulley to keep the belt
in place (pictured in Figure 19). This helped some but caused the belt to
stall at times due to interference with its ‘desire’ to walk off of the
pulley – especially when a card was being fed through the assembly.
Finally it was noted that the design violated one of the rules of
conveyor configuration (as discussed in the Background and Relevant
Research section of this report). The drive should always be at the head
of a conveyor assembly so that it ‘pulls’ the load, allowing proper slack
Figure 19. Idler pulley 'guide'.
to be taken up by the return side of the conveyer. This design,
however, is reversed with the drive on the tail of the conveyor. Since this is a friction
based conveyor, there is always a load on the belt due to friction between it and the track.
This load (now applied to what should be the return side of the conveyor) was pushing the
belt off of the assembly. This was a major design flaw and could not be fixed without a re‐
design.
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2. The second problem was that, in the middle of the belt, there was nothing to keep
pressure on the card causing the friction between the card and the belt to be inadequate
for proper transport. The card would often stop half way down the track while the belt
continued to slip over the top of it. An attempt
to fix this resulted in the production and
placement of three idler rollers on top of the
conveyor belt to help keep it firmly pressed
against the card, thus maintaining the needed
friction for proper transport. This solution was
met with success. The card no longer stopped
during transport after implementation.

Conclusion
The preliminary design definitely overlooked some
obvious, and some not‐so‐obvious, problems. The
Figure 20. Three idler rollers to help maintain contact
keycard feeding mechanism does not work as‐is because
with the card during transport.
it allows two cards to be fed at once and is very sensitive
to the amount of weight on top of the bottom card in the stack. The conveyor belt is design
backwards compared to a conventional conveyor belt and, as a result, has tracking and tension
problems. These design failures are big. All in all, this prototype represents a lot of work and
learning, but it is certainly not an overall success. Hopefully the next iteration will be more
successful.

20 | P a g e

Experimentation
Due to the overall dysfunction of the preliminary design, this section aims to explore new ideas and
solutions to meet the goals of this automated encoding machine. To begin with, we will discuss the
original envelope feeding mechanism, why it was abandoned, and what the plans are for its
replacement. Next we will test different ideas and modifications for the various assemblies in the
machine including an upgraded keycard cartridge and a new transport mechanism to replace the
friction conveyor.

The Envelope Feeding and Loading Mechanism
The original preliminary design as set down by Jordan Moir (Moir) was very vague as to the specific
operations and techniques used to implement a vacuum pump to transport and open an envelope.
Looking into this further, it was discovered that even low‐volume industrial quality vacuum pumps
are extremely expensive ($500 +). Not only was the price prohibitive, but the servos needed to
control the airflow to the nozzle combined with the precise computer control needed to make the
system work made the setup daunting. This issue was presented
to the Housing and Business Department and, in the spirit of
keeping this machine as simple as possible, it was decided that
alternative solutions needed to be considered. This spurred a
brainstorm of several mechanical options to test. Drawings of
some of these ideas can be found in Appendix A‐2 through A‐4.
By brainstorming ideas and then building simple test fixtures
(one of which can be seen in Figure 21), it was easy to see what
worked and what didn’t.

Figure 21. Test fixture for an envelope feeding
cartridge.

The ‘Tongue’ Method: The first ideas all involved some sort of ‘tongue’ being inserted mechanically
into the envelope in order to facilitate its opening and remove it from the cartridge. In order to test
this several different‐shaped ‘tongues’ were made from strips of metal and the scenarios simulated.
As these tests went on, the ‘tongues’ naturally evolved through observation. Figure 22. shows one
of the first versions of this test using a wide and flat tongue with a tapered end ‐ to facilitate easy
insertion – to remove an envelope from the cartridge.

Figure 22. Testing of a wide, flat 'tongue' to successfully remove an envelope from the cartridge.
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Starting with a flat tongue, the design quickly morphed into a rounded or bent tongue, which was
discovered to facilitate a wider opening of the envelope (Figure 23.). This is because, as the bent or
rounded tongue enters the envelope, its shape causes the front and back of the envelope to bulge
out, therefore effectively opening the envelope.

Figure 23. Testing of a rounded tongue for isolating and opening an envelope.

It was also discovered that moving the envelope (by way of tongue) while applying pressure to the
sides of the envelope (notice the tabs bent in on the envelope cartridge in Figure 23.) made it open
easily every time. Finally, it was noted that only a slight amount of pressure was needed on the
back of the envelope to allow the tongue to be inserted. To accomplish this the cartridge was
inclined. This also eliminated the need for spring loading as the envelopes would naturally be fed to
the front of the cartridge by gravity.

The Keycard Feeding System
The keycard feeding system was modified and tested in order to find a more reliable way to feed
only one card at a time into the machine. This turned out to be a simple matter of applying a
friction pad, as discussed in Testing and Results section of the Preliminary Design. Figure 24. shows
this idea being tested by the placement of an simple pencil eraser. Another benefit to this was that,
with pressure from a friction pad providing a more constant source of friction between the roller
and the bottom card, the problem of cards slipping and not being fed disappeared.

Figure 24. Application of a friction pad (pencil eraser)
to keep multiple cards from being fed at once.
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The Keycard Transport System
During the preliminary design testing, it was noted that the conveyor was designed with a driven
tail. This being backwards from conventional conveyors, it was the first thing to test. Fortunately
this wasn’t very hard to accomplish, requiring simply a few mounting holes to be changed. After the
reversal of the drive and idler pulleys, the conveyor system became much more responsive. This
caused the tension in the belt to be on the drive side and eliminated the need for all but one of the
pressure rollers in the very center of the belts travel. The idea of a skid plate on top of the drive
portion of the belt was also tested, with good results, by mounting strips of metal just above the
belt.
Since the preliminary design failed to provide a successful envelope feeding system, the
functionality for rejecting a card was also compromised. Appendix A‐5 through A‐7 presents the
initial drawings as a result of brainstorming the design of a new card rejection system. The idea that
made the most sense provided a roller at the end of the conveyor which, once verification of the
cards data completes, would send the card down a chute. The chute would have two paths
controlled by a lever (similar to splitting train tracks). If the card verification failed, the card would
be sent into a rejection bin. If the card verification was successful, it would be sent down the chute
to be inserted into an envelope. Figure 25. and Figure 26. depict the prototype chute, lever, and
rejection bin.

Figure 26. Prototype chute with lever to reject cards in case of
encoding failure.

Figure 25. Rejection lever directing keycard into rejection bin.

Testing proved this system to work very well. Over one hundred cards were sent through the chute,
with a 50% rejection rate, without a single jam. The wear caused by a lever moving back and forth
across the track was noticeable, however. A future design would lessen this wear.
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Final Design
With information from research and experience from the preliminary design and experimentation, a
final design was developed to make the automated keycard encoding machine more functional and
its design more practical.

Design Specifications
The design specifications are summarized, again, below:
1. Foot print of the machine must allow it and an operator to comfortably fit in a 10’x12’
personal office space.
2. Cycle time has to be less than 45 seconds.
3. It must require only less than 5 operators (the current number being utilized for manual
process).
4. The cost of the machine must be less than $3,000.
5. Machine operation must produce less than 85 dBA so as to be able to operate indoors
(OSHA regulations).
6. It must feed keycards from a stack, encode them, and then insert them into their
corresponding envelope.
7. It must be safe to operate.
8. It must be reliable.

Design Summary
For this final design, the areas of functionality have been modified for clarity and organization:
1. Loading of envelope
2. Loading of Keycard
3. Encoding and verifying data
4. Insertion of keycard into envelope
5. Ejection of loaded envelope
This list allows the design tasks to be broken down into more specific and clear goals. This aids in the
development of creative and smart solutions which will then be combined and reanalyzed for the
product design as a whole.
Some parts in the assembly have not been changed for the final design. These include the conveyor
belt tail and head pulley assemblies (although their configuration has been changed), the standoffs
for the track to rest on, the encoder section of the track, the motor mount for the keycard feeding
cartridge, and the mounts for the encoder and reader. For complete specification drawings of these
parts see Jordan Moir’s project report (Moir). All other specification drawings for parts mentioned in
this section can be found in the Appendix.
Loading of envelope is done with a cartridge system similar to a modern day paper tray in a printer.
Envelopes are put into the galvanized steel tray (Figure 27.) and held in place by clips around the
exit side of the cartridge. These clips serve three purposes: they prevent the stack of envelopes
from falling out of the cartridge, they help to ‘squeeze’ the envelope as it is removed from the tray
with the tongue (therefore providing the proper pressure for the envelope to open), and they act as
a friction pad to make sure only one envelope comes out of the cartridge at a time. The envelope
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feeding assembly is shown in Figure 28. Here you can see the tongue mounted on a rotating wheel.
The wheel is rotated using a stepper motor so as to push the tongue (which has an independent
pivot point where it connects to the wheel) into the awaiting envelope. The rotating motion causes
the tongue to pull the envelope slightly until it is just barely being held back by the clips of the
cartridge. This will open the envelope, making it ready to accept an encoded card.

Figure 28. Envelope feeder assembly.

Figure 27. Final design ‐ envelope cartridge.

Loading of keycard is done with a keycard feeding cartridge similar to
the one found in the preliminary design. The differences, as seen in
Figure 29, include the addition of a spring‐loaded friction pad,
moving the rubber feeding wheel closer to the front of the tray, and
putting the whole cartridge on a 20 degree slant. The friction pad
ensures that only one card is fed at a time into the machine. Moving
the rubber roller and tilting the assembly allows the push from the
friction pad to add friction to the contact between the rubber roller
and the keycard being fed. For this assembly, a stepper motor is
attached to the shaft of the roller and feeds the cards, from the
bottom of an inclined stack of keycards, into the machine.

Encoding and verifying data has not changed since the preliminary
design since all that needed to be done, as described in the
Experimentation section, was reverse the configuration of the head
and tail pulleys to make it head‐driven.
Figure 29. Final design ‐ keycard cartridge and
feeder assembly.
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Insertion of keycard into envelope is accomplished with a small motor connected to a roller at the
end of the conveyor track. This is similar to the small motor put at the end of the track in the
preliminary design but, because it will not be responsible for opening an envelope in the final
design, it has been simplified.

Ejection of loaded envelope has been integrated into the envelope feeding mechanism. Once the
envelope has been loaded with an encoded keycard, the feeder motor continues to rotate. This
pulls the envelope the rest of the way out of the cartridge (away from the clips), allowing it to drop
into the ejection bin. Figure 30 shows the complete diagram of the envelope cartridge and feeder
assemblies.

Figure 30. Complete Envelope loading, inserting, and ejecting assembly.

Conclusion
The final design has addressed all issues discovered in the preliminary design and has made some
substantial improvements in the efficiency of the machine. Now there is a reliable card feeding
mechanism, card transport system, and envelope feeder which work without the need to worry
about alignments or adjustments. The design is a simple mechanical assembly with parts that are
easily bought or fabricated using conventional and common manufacturing techniques. The design
has fewer moving parts than the preliminary design as well. This should decrease the occurrence of
problems and increase usability of the machine since there are fewer things to go wrong.
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Results and Discussion
This project’s goal was to come up with an affordable alternative, for the Housing and Business
Department, to the time and resources spent encoding keycards for the residents on the Cal Poly
campus each year. Each year approximately $800 is spent on manual labor to encode more than
6,300 keycards for the residents of the Cal Poly campus. Different security lock systems were
studied that would eliminate this cost. They were, however, found to be too expensive to
implement. An automated keycard encoding machine, previously envisioned and partially designed
by Jordan Moir (Moir), was built and then tested for functionality flaws. Problems were identified
and, through experimentation, a final design was developed which represents a practical solution
for the Housing and Business Department at Cal Poly. Figure 27. presents the current process cost
analysis alongside the cost analysis for the proposed process using the designed encoding machine.

Current Process
Startup Cost
Longterm Cost
Component
Cost ($) Quantity
Component
Cost ($) Quantity
Student employee 10.00/hr.
5
Student employee 10.00/hr.
5
Encoding Machine 1500.00
5
Total operating cost (2 business days): $8,300.00
Total operating cost (2 business days):
$800.00

Proposed Process
Startup Cost
Component
Cost ($) Quantity
Student employee 10.00/hr.
1
Encoding Machine 2000.00
1
Total operating cost (2 business days): $2,080.00

Longterm Cost
Component
Cost ($) Quantity
Student employee 10.00/hr.
1
Total operating cost (1 business days):

$80.00

Figure 31. Parallel cost analysis of current and proposed processes for encoding keycards.

The machine will be ¼ the cost of the machines currently being used (manually) and will decrease
long term costs by 90%. Furthermore, the machine will be capable of encoding 40 cards/min. This is
over 400% faster than the current manual process. While parts of this final design have been built
and tested, the assembly as a whole has not been completed. A logic program does need to be
written to turn on the machine and communicate with the encoders. This was outside the scope of
this project and represents a challenge in itself. The final assembly will be completed by the
department and, with a few minor adjustments, will prove to be a reliable piece of machinery used
to encode keycards for future residents on the Cal Poly campus.
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Appendix
A‐1: Initial Design

Figure 32. Logic model of complete system assembly (Moir).

Logic breakdown:
1.
2.
3.
4.
5.

Barcode read. Envelope pulled onto carriage via vacuum tip.
Magnetic stripe card fed into conveyor system.
Data encoded onto magnetic stripe card corresponding to barcode read.
Data written on magnetic stripe card verified.
Card’s travel stopped. If data verified, envelope carriage fed forward and card fed
into envelope. Otherwise, card fed onto conveyor.
6. Packaged card or rejected card fed to operator via conveyor.
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A‐2: Option #1 for Envelope Feeding & Inserting

Figure 35. Possible envelope feeding and inserting assembly.

Figure 34. Carriage for possible envelope feeder/inserter.

Figure 33. Envelpoe feeding 'tongue'.

The track is shown in the top view of the top left drawing. This is where the keycard would be
deposited before being sent down the ramp and into a waiting envelope. The carriage shown in the
top right picture comes forward by means of a ball and screw assembly. The tongue is held by
springs at a height just above the envelope opening. As the carriage comes forward, the tongues is
pressed down into the opening of the envelope. The carriage then moves back and, since the
tongue is fully engaged, pulls the envelope with it to the ramp. Here, the envelope is flap is held
back by another tongue, effectively opening the envelope and allowing a card to be inserted. Once
the card is inserted, the carriage begins to move forward, releasing the pressure on the envelope
opening and allowing it to drop down off of the tongue and into a bin.
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A‐3: Possible Envelope Cartridge design

Figure 36. Design of an upgraded envelope cartridge.

This envelope cartridge has simple tabs of sheet metal to support the envelopes on the feed side.
These flexible (spring‐like) tabs are in place of the solid edge of the previously designed envelope
cartridge. They will allow the envelopes to be pulled from the stack easily and one at a time. The
slots running down the bottom of the cartridge are for a spring loaded lever which will push the
envelopes against the feed side of the cartridge.
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A‐4: Closer Look at Cartridge Tabs and Tongue Configuration

Figure 37. Cartridge tabs holding the envelope in the cartridge as tongue is about to be inserted.
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A‐5: Keycard Transport System – Card Rejection

Figure 38. Track extension to sort out a rejected card.
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A‐6: Motor and Track Supports

Figure 39. Track support at a 45 degree angle for gravity feed.

Figure 40. Motor mount for feeding onto 45 degree track section.
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A‐7: Modified Track for Roller Insertion

Figure 41. Track modification to allow motor shaft and roller to be mounted and used to feed onto the 45
degree track.
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A‐8: Keycard Cartridge Base – Technical Drawing

36 | P a g e

A‐9: Keycard Cartridge Tray – Technical Drawing
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A‐10: Envelope Cartridge Tray – Technical Drawing
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A‐11: Mounting Bracket for Tongue Assembly – Technical Drawing
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A‐12: Rotating Disc for Tongue Assembly – Technical Drawing
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A‐13: Tongue for Envelope Feeder Assembly – Technical Drawing
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A‐14: Keycard Cartridge Clips
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